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1. Background 

• Different stakeholders, with 
different goals, different terms, 
and different information needs

Water management challenges
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• Silos approach of 
management

“Breaking silos takes time and energy, but it is worth it.”

Peter Binder, Director-General of MeteoSwiss and the Swiss Permanent Representative to the World 

Meteorological Organisation (WMO)

1. Background 

“Traditionally, water quantity and 

quality have been managed separately” 

(Karimi et. al., 2024)
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• Limited data

1. Background 
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Geographical distribution of arid lands

Temperature

Rainfall

1. Background 
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Sometimes, ground data are 

hard to obtain
Gaps in time series Lack of spatial dimension

1. Background 
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• Hidden opportunities and 
untapped potentials
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 Desalination production

Wastewater collection

73% is treated

39% is reused

Qureshi (2022)

 Massive opportunities in using treated 

wastewater in the GCC to reduce pressure on 

available water resources. 

 While freshwater resources are becoming 

scarcer, treated wastewater is becoming more 

abundant. Therefore, discarding wastewater as 

an economic good has significant costs.

1. Background 
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Standardized approaches that promote 
whole-water cycle understanding, 

integrated management and overcome 
data challenge is a  key solution 
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System of Environmental 

Economic Accounting for 

Water (SEEAW)

http://www.zaragoza.es/contenidos

/medioambiente/onu//newsletter12

/905-eng.pdf

FAO's Aquastat

http://www.fao.org/nr/water/aquastat

/main/index.stm

3Water Accounting Standard of 

Australia. 

http://www.bom.gov.au/water/standards/d

ocuments/awas1_v1.0.pdf

Water Accounting Plus (WA+) 

http://www.wateraccounting.org/

1. Background 
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After Bastiannssen et al., 

2015 10



2. Water Accounting Plus (WA+)

 A Standard framework

 Promotes whole water cycle management 

 Help navigating data challenge in data-scarce regions

 Can be implemented at different operational scales
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The ultimate goal of the WA is to

"track inflows, assets, liabilities, stocks 

and reserves for a particular area over a 

period of time"  (Karimi et. al., 2013a, p. 1)

2. Water Accounting Plus (WA+)
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Molden, D. 1997. Accounting for water use and productivity. SWIM Paper 

1. Colombo, Sri Lanka: International Irrigation Management Institute. 

Available online at: 

http://www.iwmi.cgiar.org/Publications/SWIM_Papers/PDFs/SWIM01.PDF

2. Water Accounting Plus (WA+)

D. Molden
Framework of Water Accounting (after Molden, 1997) 13



Karimi P., Bastiaanssen W., Molden D., and 
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water accounting based on remote sensing 

data: an application for the Indus Basin. 

Hydrology and Earth System Science, 17, 

2473–2486. 

Karimi P., Bastiaansses W. g., and Molden

D., 2013a. Water accounting plus (WA+) – a 

water accounting procedure for complex river 

basins based on satellite measurements. 

Hydrology and Earth System Sciences, 17, 

2459-2472.

M. J. M., Cheema

P. Karimi W. Bastiaanssen

D. Molden

2. Water Accounting Plus (WA+)
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Where: 

∆S is the change in storage in soil, 

P is precipitation, 

Q is runoff, 

ET is evapotranspiration and 

R is the average catchment recharge

∆S= P – ET – Q – R

 The classical approach of estimating the water balance is by using ground-based 

measurement for these parameters (Oki et. al., 1995).

WA+ uses public-domain remote sensing data. 

2. Water Accounting Plus (WA+)
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Advantages of WA+

1. Using public domain remote 

sensing data, which offers a way for 

standardized and transparent 

framework for data collection 

(Karimi et. al., 2013a).

CHIRPS (Precipitation) MOD16 (Evapotranspiration)

http://www.ntsg.umt.edu/project/mod16https://www.chc.ucsb.edu/data/chirps

NASA/EOS projectClimate Hazards Center, UC Santa Barbara

2. Water Accounting Plus (WA+)
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2. The major advantage of the WA+ approach is that water balance could be 

estimated for areas with limited or no ground-based data

The water accounting information can be used for 

further analysis, for instance: 

- Climate change

- Land cover/land use change 

- Water Management

- Develop unconventional water resources 

2. Water Accounting Plus (WA+)
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• 1. Select the most suitable datasets

WA+ Procedure



Source: Khalifa et. al. (2020a)
20

Case study: Rainfall over the Blue Nile Basin



Ground-

based

Remote 

sensing-based

Re-analysis of 

atmospheric 

model

Blended 

product

s 
40+
Public-domain 

precipitation products

Source: Khalifa et. al. (2020a)
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Source: Khalifa et. al. (2020a)
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212.95 Km3

-28.78%
559.98 Km3

+87.28%

Total water

299 billion m3

(Bastiaanssen et al., 2014) 

Total area of the basin

322,903 km2

Multi-year mean precipitation over the Blue Nile Basin (2001-2005)

Standard deviation 

210.6 mm

- Large variation

- Performance needs to 

be checked!

- Correct bias

Source: Khalifa et. al. (2020a)
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After Karimi et. al., 2014b
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• 2. Categorize landuse classes into four main classes



Assignment of ET to 

these four land use 

classes is very 

helpful to evaluate 

the manageable and 

unmanageable water 

depletions (Karimi et. 

al., 2013b). 

FAO and IHE Delft (2020)
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• 3. Assignment of precipitation and ET to these four land use classes 



Water withdrawal 

(S)

Consumed (ET)

Non-consumed 

(Q)

blue-water ET green water ET

Non-recoverable 

(flood)

Reserved flows

Non-utilizable 

(polluted)

Utilizable

By source

By type

Beneficial (T)
Non-beneficial 

(E)

By use

Source: Naga Velpuri (IWMI)
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• 4. Estimate water consumption



1. Resource Base

2. Evapotranspiration

3. Agricultural Services

4. Utilized Flow

5. Surface Water

6. Groundwater

7. Ecosystem Services

8. Sustainability
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• 5. Development of WA+ sheets



Water Accounts help 
the user to 
understand:

18

Basin inflows Basin processes Basin outflows

Source: Naga Velpuri (IWMI)
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• Quantify agricultural 

water demands and 

deficits.

• Understand the potential 

of water reuse. 
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Source: Karimi et al. (2024)

“Incorporating water quality 

monitoring into water 

accounting projects could 

have the potential to improve 

overall management of 

ambient freshwater”

Linking water accounting and water quality monitoring
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Karimi et. al. (2013b)
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• 6. Develop performance indicators 

FAO and IHE Delft (2020)



Karimi et. Al. (2013b)
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• 7. Explore alternative management scenarios



Case 1: Botswana
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After Arntzen and Setlhogil (2007) 
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After Arntzen and Setlhogil (2007) 
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Annual water 

accounts 

Annual water 

accounts including 

wastewater supply 

Case 2: Samut Prakan Province, Thailand

After Tingsa et. al. (2007)

Treating wastewater for reuse was more 

costly than producing municipal water. 

Nevertheless, wastewater reuse can 

contribute to environmental and health 
benefits. 



Key message

• Notably, integrating water quality considerations offers benefits not only for 
water quality itself but also for overall water quantity management. 

• Water Accounting Plus (WA+), with its comprehensive approach, holds 
significant promise in bridging this crucial linkage. 

• Considering wastewater in water accounting has the potential to address 
prevailing water scarcity challenges in the region and mitigate the looming 
impacts of climate change.

• In the Gulf region, WA+ presents a pivotal opportunity to harness untapped 
wastewater resources, serving as a foundational framework for sustainable 
development. 
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Thank you!

Muhammad Khalifa
Regional Researcher

Integrated Modelling and Assessment
E-mail: m.khalifa@cgiar.org
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